Normal human melanocytes are interspersed singly among keratinocytes along the basement membrane of the epidermis, whereas melanoma cells readily adhere to each other during invasion of the dermis or distant organs. The tumorigenic and metastatic phenotype of melanoma cells often correlates with increased expression of cell ± cell and cell-matrix adhesion receptors. Mel-CAM (MCAM, MUC 18, CD146) is a cell ± cell adhesion receptor highly expressed by melanoma cells but not normal melanocytes. We show here that inhibition of Mel-CAM expression in metastatic melanoma cells using genetic suppressor elements of Mel-CAM cDNA leads to inhibition of adhesion between melanoma cells and to downregulation of the tumorigenic phenotype. Growth was not inhibited in genetic suppressor elements-transduced melanoma cells cultured in monolayers but was inhibited when cells were maintained anchorage-independently in soft agar and greatly reduced in immunode®cient mice. A threedimensional epidermal skin equivalent model demonstrated that Mel-CAM allows melanoma cells to separate from the epidermis and invade the basement membrane zone and dermis. However, melanoma cells with little or no Mel-CAM were poorly invasive, possibly due to their loss of gap junctional communication. These results suggest the multifunctional role of a melanomaassociated cell ± cell adhesion receptor in tumor progression. Oncogene (2001) 20, 4676 ± 4684.
Introduction
During progression of melanocytic lesions from normal to benign proliferative nevi and malignant melanomas, there is a dynamic shift in expression of adhesion receptors. Cell-matrix interactions shift from collagen IV-and laminin-mediated adhesion in normal melanocytes to attachment through collagen I-and vitronectin-binding receptors in melanoma cells. The changes in matrix adhesion receptor composition often re¯ect aggressive properties of melanoma cells as they invade the dermis from the epidermis (Johnson, 1999; Nesbit and Herlyn, 1994) . Cell ± cell adhesion receptors show similar changes during tumor progression. Among the classical cadherins, there is a shift from E-cadherins found on normal melanocytes for attachment to keratinocytes to N-cadherin on melanoma cells, which allows coupling to ®broblast and endothelial cells in the tumor stroma . Whereas, normal melanocytes express few cell ± cell adhesion receptors of the Ig gene superfamily such as L1-CAM, melanoma cells show an increase in expression of Mel-CAM, ALCAM, VCAM-1, and ICAM-1 (Johnson, 1994; Herlyn, 1993) . The adhesive functions of cellular adhesion molecules in homeotypic and heterotypic interactions are well documented, but their contributions to the malignant phenotype are less de®ned.
Human melanoma cell lines adhere to immobilized Mel-CAM (Shih et al., 1997) by expressing a ligand, which has not yet been identi®ed, i.e., Mel-CAM is a heterophilic adhesion receptor . Mel-CAM (also known as MUC18, MCAM, or CD146) displays signi®cant homology to cell adhesion molecules containing the characteristic V-V-C2-C2-C2 Ig domain structure (Holness and Simmons, 1994) , including HEMCAM, the chicken homolog of Mel-CAM, as well as B-CAM, BEN/DM-GRASP/SC1, ALCAM, GICERIN and KG-CAM Shih, 1999) . Mel-CAM is an integral membrane glycoprotein with an apparent molecular mass of 113 kDa and contains several protein kinase recognition motifs in its cytoplasmic domain, suggesting a potential involvement of the cytoplasmic region in cell signaling (Shih, 1999) . Mel-CAM expression correlates with melanoma thickness and metastasis formation (Shih et al., 1994; Kraus et al., 1997) . Transfection of Mel-CAM into non-tumorigenic cells increases collagenase gene expression, leading to increased tumorigenicity (Xie et al., 1997) . The presence of putative binding sites for the transcription factors AP-1, AP-2, and CREB in the promoter region suggests that Mel-CAM expression can be modulated by exogenous factors such as morphogens, phorbol esters and cyclic AMP . Indeed, Mel-CAM expression in melanocytes, nevus cells, and radial growth phase melanoma cells is environmentally regulated through direct cell ± cell contacts with keratinocytes , but the mechanisms of this regulation are not known. Even advanced primary and metastatic melanoma cells downregulate Mel-CAM when intimate attachment to keratinocytes is re-established by overexpression of E-cadherin . Loss of several tumor-associated adhesion receptors in Ecadherin expressing melanoma cells is associated with lack of invasion and increased apoptosis of single cells in the dermal environment . These ®ndings suggest that Mel-CAM, as the major adhesion receptor for melanoma-melanoma cell adhesion, plays multiple roles during progression, including the establishment of close cell ± cell communication for growth, survival and invasion.
Here, we report the identi®cation of genetic suppressor elements (GSE) within Mel-CAM cDNA that functionally inhibit Mel-CAM. Antisense-Mel-CAM GSE encoded sucient inhibitory antisense RNA molecules to downregulate Mel-CAM expression. Melanoma cells with no or low expression of Mel-CAM grew well on a substrate but not in a tissue context such as organotypic skin or in immunode®cient mice. A potential mechanism for the decreased tumorigenic phenotype in the absence of Mel-CAM is the loss of gap junction formation.
Results
Flow cytometric analyses demonstrated expression of Mel-CAM in 43 of 45 primary and metastatic melanoma cell lines tested (not shown); the two cell lines that were either negative (SBcl2) or weakly positive (WM1552C) represented the biologically early, non-tumorigenic stage of primary melanoma. As a means to determining the biological signi®cance of Mel-CAM, we developed a strategy for ecient downregulation of Mel-CAM expression. The coding and non-coding sequences of Mel-CAM cDNA were digested to produce approximately 10 5 random sequences of 300 to 500 bp and inserted into a retroviral library to produce viruses for infection of two melanoma cell lines expressing either high (1205Lu) or low (WM1552C) levels of Mel-CAM. Transfectants were selected by¯uorescence activated cell sorting for low (1205Lu) or negative (WM1552C) expression. After the third selection step, Mel-CAM expression by 1205Lu cells was reduced 50 ± 100-fold ( Figure 1a ). Single cell clones were isolated that showed the same downregulated expression of Mel-CAM as the mass culture ( Figure 1b ). Of 80 clones tested, four that represented separate sequences ( Figure 1e) were selected for further studies. Whereas, GSE sequences L22 and L23 overlapped at the fourth immunoglobulin-like domain of Mel-CAM, clone L24 spanned the 3'-end and clone L25 spanned the C-terminus and a 30-bp untranslated region. Database analysis suggested these sequences are unique and derived from Mel-CAM cDNA. The GSE-containing retroviruses were isolated by transfection of expression plasmids containing amphotrophic retroviral gag, pol, and env sequences. Supernatants were collected after 48 h and after con®rming the presence of GSE in the retroviruses by dot blot analysis (not shown) parental 1205Lu melanoma cells were infected. Each of the four clones inhibited formation of Mel-CAM transcripts ( Figure 1c ) and protein production ( Figure 1d) . As compared to parental 1205Lu melanoma cells, Mel-CAM mRNA was reduced 5 ± 6-fold and the protein, 5 ± 8-fold in the 1205Lu GSE variants.
The 1205Lu GSE variants with reduced expression of Mel-CAM showed a strong reduction of aggregate formation as compared to parental cells (Figure 2a) . Blocking antibodies to Mel-CAM reduced aggregate formation signi®cantly in the parental cells, but not in the clones. The extent of aggregation in GSE clones were comparable to those of Mel-CAM low/negative early melanoma WM1552C and SBcl2 cells which were 14.1+1.8% and 5.1+0.7%, respectively. Growth of melanoma cells in monolayers was not aected by the level of Mel-CAM expression (Figure 2b ). On the other hand, growth of cells in dierent tissue contexts was greatly diminished when Mel-CAM levels were reduced; anchorage-independent growth in soft agar decreased by 50% in all clones with low levels of Mel-CAM expression (Figure 2c ), and tumorigenicity in immunode®cient mice injected with the antisense Mel-CAM GSE-transduced clones was reduced ®vefold (Figure 2d ).
In skin reconstructs consisting of a layer of ®broblasts in collagen forming the`dermis' and keratinocytes that dierentiate to multiple layers forming an`epidermis', 1205Lu parental melanoma cells mixed with the keratinocytes and seeded on the dermis showed rapid growth and invasion into the dermis (Figure 3a ). Invasion and growth of antisense-GSE`Mel'-CAM-transduced cells was greatly reduced (Figure 3b ). Parental 1205Lu cells that invaded the dermis were viable and grew. On the other hand, the few cells of the antisense GSE clones that invaded the dermis showed signs of apoptosis. In a reverse experiment, Mel-CAM overexpression was induced in the non-tumorigenic, non-invasive SBcl2 cell line by transfection with Mel-CAM/Ad5. These cells were highly invasive into the dermis (Figure 3c ), expanding in both the epidermis and dermis similar to melanoma cells of the more aggressive vertical growth phase . On the other hand, control cells did not invade the dermis (Figure 3d ). Growth and the fate of these cells were further examined by immunohistochemistry in arti®cial skin reconstructs by using a melanocytic lineage speci®c marker S100 (Figure 4a ,b), a proliferation marker (Ki67) (Figure 4c ,d) and apoptosis (Anti-active caspase 3) (Figure 4e ,f). The control 1205Lu cells were positive for S100 and Ki67 markers indicating proliferating melanoma cells in the dermis. In addition staining for active caspase 3 did not reveal signi®cant staining. On the other hand, L24 demonstrated very few proliferating cells in the epidermis and dermis. These cells were also positive for caspase 3 indicating failure of Mel-CAM down regulated cells to grow invasively. These data suggest that, in GSE containing cells, inhibition of growth is the early event followed by apoptosis.
To assess the potential role of gap junctions in the death of individual cells of the GSE-Mel-CAM transduced clones invading the dermis, clones L24 and L25 were labeled with the gap junction permeable dye calcein AM and the gap junction impermeable dye CellTracker. Formation of gap junctions in the clones was ®vefold reduced as compared to that in 1205Lu parental cells, in which about 60% of the population had developed gap junctions after overnight incubation (Figure 5a, b) . Thus, gap junction formation appears to require Mel-CAM and may be essential for melanoma cell survival.
Discussion
Human tumors often show an increase in adhesion receptor expression. The qualitative and quantitative dierences between normal and malignant cells in expression of cell ± cell and cell-matrix adhesion receptors re¯ects the dierent needs of these cells in survival, growth, and migration/invasion. In the 5 random antisense sequences of Mel-CAM were selected in three successive steps (1 ± 3) by¯uorescence activated cell sorting using anti-Mel-CAM antibody A32. Shaded peak indicates¯uorescence of negative control antibody. (b) Mel-CAM expression by parental 1205Lu melanoma cells (peak 1) and by the L24 clone derived by transfecting parental cells with isolated GSE in a retroviral vector (peak 2). Fluorescence with negative control antibody is shown in shaded peak. (c) Northern analysis for Mel-CAM mRNA expression in 1205Lu cells and in GSE clones (L22 ± L25). Total RNA (15 mg) from cell lines was isolated, separated on 1% formaldehydeagarose gels and probed with full-length Mel-CAM cDNA after Northern transfer onto Nytran membranes. GAPDH control hybridizations are shown. (d) Western analysis of 1205Lu parental and GSE clones for Mel-CAM protein expression. Equal amounts of proteins were separated on an 8% sodium dodecyl sulfate-polyacrylamide gel, transferred to PVDF membranes and hybridized with an anti-Mel-CAM antibody. (e) Sequence locations of Mel-CAM GSE that downregulate Mel-CAM expression in 1205Lu melanoma cells. Mel-CAM fragments were ampli®ed from genomic DNA using primers for the retroviral vector sequence. PCR products were puri®ed and sequenced melanocytic lineage, expression of Mel-CAM is ®rst found in nevi, when the cells have separated from the epidermal keratinocytes and have migrated into the dermis (Shih et al., 1994; Kraus et al., 1997) . With progression to malignancy, Mel-CAM expression gradually increases and is highest in metastatic melanoma cells Shih et al., 1994) . Growth of malignant cells in vitro in monolayer cultures does not appear to involve Mel-CAM since no alteration in growth was detected upon downregulation of Mel-CAM expression. Our studies in three models mimicking tissue contexts clearly revealed the biological importance of Mel-CAM in tumor cell survival, growth and migration/invasion. Whereas growth in soft agar and in immunode®cient animals is a wellestablished criterion for characterizing the malignant properties of human cells, growth in an organ-like structure has not been extensively studied. In human skin reconstructs, melanoma cells from dierent stages of progression have the same properties as cells in situ, i.e., non-tumorigenic melanomas are unable to invade the dermis from the epidermis, whereas tumorigenic (advanced primary and metastatic) melanoma cells readily invade the dermis . Downregulation of Mel-CAM in highly aggressive metastatic cells with GSE reversed the malignant phenotype. Overexpression of Mel-CAM using adenovirus vector reversed the inhibitory eect on cell ± cell interaction and gap junctional communications (data not shown).
The continuous survival and slow growth of antisense GSE Mel-CAM-transduced cells in the epidermis suggest that keratinocytes can produce growth factors and cytokines that support the melanoma cells. The apoptosis of the few Mel-CAMlow expressing melanoma cells that did invade the dermis may be due to the lack of such support by keratinocytes or to the lack of gap junctional communication between the malignant cells. The involvement of an adhesion molecule of the Ig family in mediating gap junctions is surprising because Li and Herlyn, 2000; Bryant, 1997) . Gap junctions, which facilitate the exchange of small molecules intercellularly (Krutovskikh and Yamasaki, 1997; Yamasaki, 1996) are important in maintaining normal homeostasis of the tissue architecture. Melanoma cells form gap junctions not only between themselves but also with ®broblasts and endothelial cells , suggesting that gap junctional communication is an important factor in tumor growth, at least in this tumor system. Melanoma cells seeded at clonal cell densities show poor survival and growth in growth factor-depleted medium (unpublished observation), suggesting that cell ± cell adhesion provides the cells with a major survival and growth advantage. Mel-CAM has also been detected on activated T cells (Pickl et al., 1997) , smooth muscle (Shih et al., 1994) and vascular endothelial cells (Bardin et al., 1996; St Croix et al., 2000; Sers et al., 1994) , although its function in these cells is unclear. It has been reported that activation of Mel-CAM leads to tyrosine phosphorylation of p125 FAK and of paxillin, and is associated with p59 fyn (Anfosso et al., 1998) . Similar molecules also participate in signal transduction mediated by some integrins through their interaction with matrix proteins (Morimoto and Tachibana, 1996) . However, other heterophilic calcium-dependent cell ± cell adhesion molecules such as E-and N-cadherin function through pathways that involve b-catenin and the nuclear transcription factor Lef-1/TCF (Yagi and Takeichi, 2000) . It is unknown whether Mel-CAM is functionally similar to the cadherins in these signaling pathways. Indeed, even metastatic melanoma cells show downregulated Mel-CAM expression when transduced with E-cadherin for ecient coupling with keratinocytes Li and Herlyn, 2000) . The mechanisms of these dynamics remain unknown.
The role of cadherins in the formation of gap junctions through connexin proteins has been well established. Our study shows that Mel-CAM expression in¯uences cell ± cell interaction and gap junctional communications and may act as a bridge between several mechanisms of tumor growth. In addition, we examined several other cell-adhesion molecules such as a and b subunits of integrins, N-cadherin, NCAM, L1-CAM, CD44, ICAM-1, chrondrocyte sulfate proteoglycans and gangliosides which were unaected (data not shown). It will be important to determine whether Mel-CAM aects connexin expression in melanoma or whether Mel-CAM per se acts as molecular glue between the neighboring cells to facilitate gap junction formation. Although we did not observe any changes in connexin 43 expression, it can not excluded that other connexins are aected. These functions of Mel-CAM might explain the observed decreased invasive capacity and tumorigenicity in highly metastatic melanomas expressing Figure 3 Mel-CAM-dependent invasion, survival, and growth of melanoma cells in organotypic skin reconstructs. For skin reconstruction, human dermal ®broblasts were mixed with collagen, which was allowed to constrict, and the dermis was overlaid with keratinocytes and melanoma cells to form an epidermis. (a) Parental 1205Lu melanoma cells were seeded with keratinocytes and exposed to air. The keratinocytes dierentiated and melanoma cells grew in the epidermal layer and invaded the dermis (1006). reduced Mel-CAM levels. However, the precise events that lead to apoptotic cell death in three-dimensional tissue reconstructs by downregulating Mel-CAM expression remain unclear. Indeed, growth of Mel-CAM GSE-containing melanoma cells in monolayer cultures was not aected, suggesting the importance of an in vivo environment for adhesion molecules to demonstrate their functional signi®cance.
Downregulation of genes encoding cell surface adhesion receptors has been dicult to achieve. In short-term experiments, antisense oligonucleotides have been used successfully (Marcusson et al., 1999; Hannon et al., 1999) ; however, the short biological half-life of these molecules has hindered long-term in vitro or in vivo studies, where only slight inhibition of function has been observed. Dominant-negative mutants have been more widely used, although the large sizes of these constructs make it dicult to determine the active site for antagonistic activity. The GSE technique has been used to identify novel molecules that inhibit diverse functions in cancer cells (Gudkov et al., 1994; Roninson et al., 1995; Levenson et al., 1999) . The advantage of this technique is the relative small size (300 to 500 bp) of the selected fragments and the ability to select among a large pool of random fragments for those that are best suited for inhibition of function. Our use of retroviral vectors for transduction of the random fragments, allowing their rapid identi®cation by PCR and re-examination of their functions represents an improvement over the previous GSE techniques, which is tedious and time-consuming for more general use. Our studies identify Mel-CAM as a promising potential target for melanoma therapy. The small size of the GSE fragment, together with our selection technique, should facilitate the development of even smaller fragments to aid in the delivery of these novel antagonists to the target cells. 
Materials and methods

Cell growth
The primary and metastatic melanoma cell lines used have been described (Satyamoorthy et al., 1997) . WM1552C and SBcl2 cells, derived from primary malignant lesions, are nontumorigenic and represent the biologically early radial growth phase of primary melanoma (Satyamoorthy et al., 1997) . 1205Lu melanoma cells are highly malignant and a metastatic variant of WM793 (Kath et al., 1991) . Melanoma cell lines were maintained at 378C in MCDB153/L15 medium containing 5 mg/ml insulin and 2% fetal calf serum (Herlyn, 1993) . All culture reagents were from Sigma (St. Louis, MO, USA). Normal human ®broblasts and keratinocytes were isolated from newborn foreskin and cultured as described . These cells were used to establish skin reconstructs, in which ®broblasts embedded in collagen I form the dermis, and keratinocytes mixed with melanoma cells at a 1 : 5 ratio form the epidermis (Hsu et al., 1998) . Strati®cation of keratinocytes to develop an epidermis and invasion of melanoma cells from the epidermis to the dermis was achieved over 18 days, when cultures were harvested for histological analyses. For immunohistochemistry, paran sections were stained with S-100 (Dako) as melanocytic marker, Ki-67 (Dianova) as proliferation marker and Antiactivr caspase 3 (R&D Systems) antibodies . Scale bars in Figures 3 and 4 represent 50 mM for 506magni®cation. Growth of melanoma cells in soft agar and in severe combined immunode®cient mice was tested as described (Kath et al., 1991) . Amphotrophic PA317 and ecotrophic retrovirus-producing GP+E 86 cell lines were kindly provided by D Fraker, University of Pennsylvania, Philadelphia, PA, USA. Cell growth on monolayers was tested by cell counting over a period of several days and by 3 [H]thymidine incorporation (Satyamoorthy et al., 1997). Anchorage-independent growth was (Herlyn et al., 1990) . In some studies, we have used two controls ± (a) untransfected naõÈ ve cells and (b) vector alone-transfected cells. Additional control used was from G418 resistant clones that are derived from GSE selection yet show normal levels of Mel-CAM expression. Tumor formation was tested by injecting cells subcutaneously at 10 6 per mouse into severe combined immunode®cient mice at six animals/group and monitoring tumor volume twice per week for 6 weeks, when mice injected with highly tumorigenic 1205Lu parental cells had to be sacri®ced.
Isolation of Mel-CAM GSE
A randomly fragmented library was prepared using coding and non-coding sequences of Mel-CAM cDNA (Lehmann et al., 1989) . Approximately 100 ng of Mel-CAM cDNA was further puri®ed, subjected to random priming reaction, and cloned into the retroviral vector PG1EN (Morgan et al., 1992) essentially as described (Pestov and Lau, 1994) except that NotI cloning sequences were introduced to clone the fragments into the compatible NotI site of the retroviral vector. The plasmid library of 10 5 independent recombinant clones was transfected into the retroviral packaging cell line by standard calcium-phosphate precipitation. Recombinant retroviruses were produced either by transient transfection or from the stable G418-selected clones after ping-pong selection (Lynch and Miller, 1991; Naviany et al., 1996) and titrated in NIH3T3 cells. Viral batches of 2610 5 colony-forming units/ml were used to infect melanoma cells and transfectants were selected in 450 mg/ml of G418-containing medium.
Transduced melanoma cells were selected for decreased cell surface expression of Mel-CAM using¯uorescence-activated cell sorting with Mel-CAM-speci®c monoclonal antibody A32 (Shih et al., 1994) . As controls, cells were incubated with culture supernatant from the packaging cell line or vector-transduced cells. Transduced melanoma cells (3610 7 ) were incubated with A32 antibody at 48C for 1 h, washed three times with chilled phosphate-buered saline containing 1% bovine serum albumin, and incubated for an additional hour with¯uorescein isothiocyanate-conjugated goat IgG anti-mouse IgG. Cells were washed and sorted in an EPIC Flow analyzer to collect the 0.1% population of cells with the lowest expression of Mel-CAM. Isolated cells were expanded to approximately 10 7 and used for two additional sorting rounds. Single cell clones were isolated and propagated for all further studies. High molecular weight DNA from these clones was isolated by proteinase K digestion, phenol-chloroform extraction, and subjected to polymerase chain reaction (PCR) to identify GSE. The PCR primers were from the¯anking sequences of the cloning site. PCR mixtures contained 100 ng of genomic DNA, 300 mM of each dNTP, 100 ng of each PCR primer, and 0.1% gelatin in a buer supplied by the manufacturer (Boehringer Mannheim Company, Indianapolis, IN, USA). Samples were heated at 958C for 5 min and 30 cycles of 948C, 608C, and 728C for 1 min each were performed, followed by a ®nal cycle of 5 min at 728C. PCR fragments were gel-puri®ed and subjected to sequence analysis using an automated¯uorescence sequencer (ABI, Foster City, CA, USA).
GSE transfection and characterization
Clones stably expressing antisense Mel-CAM GSE were transfected with expression plasmids containing retroviral GAG-Pol and env sequences (Cochlovius et al., 1998) using calcium-phosphate precipitation. Supernatants containing infectious retroviruses were collected after 48 h and used to infect melanoma cells. Stable clones were assessed bȳ uorescence activated cell sorting, Northern and Western analysis for expression of Mel-CAM. For transcript analysis, cells were harvested and total RNA was isolated by TRI reagent (Gibco-BRL, Gaithersburg, MD, USA). Total RNA (15 mg/lane) was separated on 1% agaroseformaldehyde gels (Sambrook et al., 1989) and transferred onto Nytron membranes (MSI Inc., Westborough, MA, USA) in 206SSC (Sambrook et al., 1989) . Filters were probed with Mel-CAM cDNA and GAPDH in Church buer at 658C, washed (Sambrook et al., 1989) , autoradiographed, and individual bands were quanti®ed using ImageQuant (Molecular Dynamics, Sunnyvale, CA, USA). For Western analysis, cells containing GSE were harvested, lysed in RIPA buer and boiled in sodium dodecyl sulfatecontaining sample buer (Sambrook et al., 1989) . Equal quantities of soluble proteins were separated on a 10% sodium dodecyl sulfate-polyacrylamide gel, transferred onto PVDF membranes (MSI Inc.) and probed with Mel-CAMspeci®c monoclonal or polyclonal antibodies. Protein bands were visualized by autoradiography with enhanced chemiluminescence (Amersham Pharmacia Biotech., Piscataway, NJ, USA) and quanti®ed by NIH Image version 1.51.
Aggregation assay
Melanoma cells were harvested with Versene, washed and resuspended at 2610 6 /ml in medium containing 2% fetal calf serum. Aggregation between cells was measured by a doublecolor assay (Degen et al., 1998) in which two separate cell suspensions were stained for 60 min with¯uorescent green 5-sulfo¯uorescein diacetate 50 mg/ml or red hydroxyethidine 40 mg/ml, washed and mixed in equal numbers. After 30-min incubation at 378C, cells were ®xed in 2% paraformaldehyde and analysed in a¯ow cytometer. Results are expressed as the percentage of double-colored events of the total of green and red events. The polyclonal Mel-CAM antibody used in this study was kindly provided by Dr D Speicher (The Wistar Institute, Philadelphia, PA, USA).
Dye transfer for gap junctional communication
Donor and recipient melanoma cells were labeled for 1 h with the cell-permeable dye calcein AM (0.02 mM, Molecular Probes, Eugene, OR, USA) or the impermeable dye CellTracker orange (0.25 mM, Molecular Probes), respectively, in serum-free medium . After incubation, cells were washed, and incubated in growth medium for 1 h to allow conversion of calcein AM to calcein. Cells were harvested, counted and plated at 1610 5 cells/cm 2 . After 24 h, cells were harvested for¯ow cytometry analysis.
Construction of Mel-CAM adenovirus expression vector
Full-length Mel-CAM cDNA was cloned into pShuttle-CMV and recombined with the adenovirus genome (Ad5Easy 1) in bacteria (He et al., 1998) . The full-length cDNA was¯anked by the CMV promoter at the 5'-end and the SV40 T-antigen intron/polyadenylation signal at the 3'-end to form a complete transcriptional unit. Monolayers of 293 cells were transfected with the linearized viral genome using the calcium phosphate precipitation method (Cochlovius et al., 1998) . The recombinant (Mel-CAM/Ad5) virus was propagated in 293 cells and puri®ed using the double-CsCl method (Graham and Prevec, 1995) . Recombinant adenovirus LacZ/ Ad5 was used as control.
Abbreviations CAM, cellular adhesion molecule; GSE, genetic suppressor element; PCR, polymerase chain reaction
